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Aim of the work
• Study of the propagation of light travelling into a rectangular-section glass micro-capillary provided with integrated reflectors
• Theoretical analysis of the absorption profile of fluids using the values of the real part and imaginary part of the refractive indices
• Validation of the experimental results
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Theoretical Model - 2

Theoretical Model - 1
A sophisticated theoretical model based on geometrical ray optics approximation was developed
to describe light propagation into the capillary, that can be view as a multi-layer structure
composed by different layers with finite thickness (top and bottom glass walls and the channel in
which the liquid flows) immersed in air and provided with top and bottom reflectors. The
dimensions of the capillary and the refractive indices of air, glass and fluid sample are taken into
account. The equations assume that the interface between media is flat and that media are
homogeneous and isotropic. The incident light is assumed to be a plane wave.
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The total geometrical path L into the channel is calculated as:
𝐿 = 2 ∙ 𝑁 ∙ 𝑑Τcos 𝜃3

d: channel depth

Sim. Results – Single bounce configuration
The model has been implemented to study the theoretical spectral transmission of
isopropanol, water, ethanol and air filling the channel. The values of refractive indices in the
spectral region of interest (1-1.7 μm) are tabulated in the literature [1,2].
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p-polarized field

Overall field transmission coefficient:

𝑡𝑗𝑚 = (𝑡𝑠,𝑗𝑚 + 𝑡𝑝,𝑗𝑚 )/2

Power transmission coefficient at each interface:

𝑇𝑗𝑚 = [𝑛𝑚 ∙ 𝑐𝑜𝑠𝜃𝑚 /𝑛𝑗 ∙ 𝑐𝑜𝑠𝜃𝑗 ] ∙ |𝑡𝑗𝑚 |2

Effect of fluid absorption: Beer-Lambert law for solution.
𝑇𝑎𝑏𝑠 λ = 𝑒 −𝛼

λ ∙𝑥

𝛼 λ = 4 ∙ 𝜋 ∙ 𝑘(λ)/λ

k(λ): imaginary part of fluid refractive index

Absoprtion for mixtures: law of additivity of absorbance.

When the light beam crosses the separation surface between two different media, it is deflected
according to Snell law:
𝑛𝑗 ∙ sin 𝜃𝑗 = 𝑛𝑚 ∙ sin 𝜃𝑚 j, m: origin and destination media
When the radiation encounters the bottom Aluminum layer, it undergoes a specular reflection and
light crosses the capillary twice (single bounce configuration). If the light beam encounters also the top
reflectors, it is zig-zag guided inside the fluidic channel and it crosses the sample multiple times
(multiple bounce configuration). The number of bounces N into the capillary is calculated as:
𝑁 = 𝐿𝑚𝑒𝑡 /𝑎

Results obtained for a
capillary in single bounce
configuration:
𝑁=1
𝑑 = 440 μ𝑚
𝑡𝑓 = 𝑡𝑏 = 280 μ𝑚
𝜃1 = 35°

𝑡𝑠,𝑗𝑚 = 2 ∙ 𝑛𝑗 ∙ cos 𝜃𝑗 / [𝑛𝑗 ∙ cos 𝜃𝑗 + 𝑛𝑚 ∙ cos 𝜃𝑚 ]
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At each interface, the electrical field is partially transmitted and partially reflected.
The transmission coefficient for the field at each interface is retrieved by recursively applying
Fresnel equations.

𝑇𝑎𝑏𝑠,𝑚𝑖𝑥𝑡 λ = 1/10^𝐴𝑚𝑖𝑥𝑡𝑢𝑟𝑒 (λ)
Az: absorbance of each substance

𝐴𝑚𝑖𝑥𝑡𝑢𝑟𝑒 (λ) = Σ𝑧 𝐴𝑧 ∙ 𝑝𝑧

pz: fractional volume concentration of each substance

The overall spectral transmission is calculated by multiplying all the contribution of transmission:
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Sim. Results – Multiple bounce configuration
In case of multiple bounce configuration, simulations were performed by changing the length of
the top Aluminum layer Lmet. By considering Lmet = 5 cm, a number of bounces N = 7 was found.
Figures show the theoretical spectral
transmission obtained considering
solutions of isopropanol (‘ISO’) and
water (‘W’) at different volume
concentrations in case of single
bounce configuration and multiple
bounce configuration with N = 7.

In multiple bounce configuration, the
optical path into the channel
increases, thus the effect of fluid
absorption is enhanced.
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NOTE: same y-axis for
direct comparison
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